Introduction {#sec1}
============

The first generation NS3/4A protease inhibitors (PIs) boceprevir (BOC) and telaprevir (TEL) were registered in 2011 for the treatment of HCV GT1 infection in triple combinations with pegylated interferon plus ribavirin (PegIFN+RBV) \[[@cit0001], [@cit0002]\]. A common reason of failure of these PI-based therapies is development of resistance associated substitutions (RASs) \[[@cit0003]-[@cit0005]\]. To some extent, RASs are also present in most HCV infected patients even without previous antiviral therapy (baseline RASs) \[[@cit0004]\]. Cross-resistance between first generation PIs can potentially influence the efficacy of PI-containing direct acting antiviral drug (DAA) combinations after failure of a previous PI-based regimen. Using a population-based sequencing approach, long-term follow-up studies have shown the disappearance of RASs in a median time to loss of mutations in 9 months (TEL) to 1.04 years (BOC) in the majority of HCV GT1b infected patients.

Ombitasvir (HCV NS5A inhibitor), ritonavir (enzyme inhibitor) boosted paritaprevir (NS3A/4 protease inhibitor) and dasabuvir (non-nucleoside NS5B polymerase inhibitor) with or without addition of RBV (3DAA±RBV) have been registered for the treatment of HCV GT1 or GT4 infected patients \[[@cit0006], [@cit0007]\]. However, the efficacy of 3DAA±RBV therapy has not been evaluated during registration studies in patients who failed previous BOC or TEL containing triple therapies. Due to financial constraints, use of the 3DAA+RBV combination has been approved in the Hungarian HCV guideline for a subgroup of such patients with G1b infection \[[@cit0008]\].

Real life efficacy and safety of the 3DAA+RBV combination in HCV GT1b infected patients with compensated liver disease (mainly with cirrhosis), who failed previous BOC/TEL-based triple therapy more than a year before, were retrospectively analysed under the supervision of the Hungarian Hepatitis Therapeutics Committee, according to the decision of the physicians licensed to treat HCV in Hungary.

Material and methods {#sec2}
====================

The decision on therapy was left entirely to the treating physicians and to the patients -- however, there was no alternative reimbursed treatment option available in Hungary for this patient group. Treatments included 3DAA (per label) + RBV (600-1200 mg per day according to bodyweight, except patients with advanced kidney disease with lower doses) for 12 weeks (GT1b and all other non-cirrhotics) or 24 weeks (GT1 non-1b cirrhotics) according to the national guideline \[[@cit0008]\]. Non-GT1b patients were commenced on therapy before approval of the Hungarian guideline. Addition of RBV to the 3DAA combination in these GT1b infected patients was felt appropriate by consensus of the treating physicians in an attempt to maximize efficacy and minimize potential relapses.

Therapy-related data were either subtracted from the National Hepatitis Treatment Registry (baseline demographics, fibrosis stage by histology and/or transient elastography, type and outcome of previous therapy, HCV genotype/subtype, baseline/post-treatment HCV RNA, baseline ALT) for all consecutively treated patients or collected voluntarily from the treating physicians (co-morbidity, AE, SAE, haematology parameters by WHO class, GGT, treatment modification, discontinuation) in this retrospective cohort. Sustained virological response (SVR12/24) was defined as confirmed undetectable HCV RNS at post-treatment week 12 and/or week 24 combined. Post-treatment week 12 PCR is not mandatory, and not routinely reimbursed in Hungary; however, it was made available for a proportion of patients from an unrestricted research grant. Not all of the included patients have reached post-treatment week 12 or 24 time points by the database lock. Intent to treat (ITT) analysis included all patients who initiated therapy, modified ITT (mITT) analysis those who completed the assigned 12 or 24 weeks therapy and were available for SVR12 and/or SVR24 assessment.

HCV RNA was assayed by either Abbott Real-Time or Roche COBAS AmpliPrep/TaqMan HCV v2.0 standard methods with lower limits of HCV target detection (LLD) of 12 or 15 IU/ml, respectively.

For patients with viral failure baseline RASs were retrospectively analysed from samples collected prior to therapy \[[@cit0009]\].

Statistical methods {#sec2.1}
-------------------

Number and percentage of patients in different categories are reported, and descriptive statistical methods, including means or medians as well as standard error of the mean or range values, were used.

As pre-defined, members of the Hungarian Hepatitis Therapeutics Committee, and colleagues contributing with data of at least four patients or with RAS testing are listed as authors.

This was a retrospective, purely observational study with retrospective data collection. For this reason it is not registered in any clinical trial registries and no ethics committee review has been requested. However, the procedures followed were in accordance with the Helsinki Declaration of 1975, as revised in 1983.

Results {#sec3}
=======

Patient population {#sec3.1}
------------------

Out of 127 patients enrolled, at the closure of data collection, SVR12 and/or SVR24 results were available for 104 patients. One patient was lost to follow-up prior to the end of treatment (included in the ITT analysis, but not included in the mITT analysis), while 22 patients did not reach the EOT+24 week time point and have no available EOT+12 week HCV RNA result either (not routinely assessed in Hungary). These 22 patients are not included in the ITT/mITT SVR analyses.

Baseline characteristics of patients are shown in [Table 1](#t0001){ref-type="table"}. The majority of patients were cirrhotics (87.4%) and GT1b subtype infected (92.15%). Of note, co-morbidities were reported in 89% of patients.

###### 

Baseline characteristics of patients

  Parameter                                           Boceprevir               Telaprevir               Total
  --------------------------------------------------- ------------------------ ------------------------ ------------------------
  Number of patients, *n*                             82                       45                       127
  Female/male, *n/n*                                  48/34                    22/23                    70/57
  Age, mean ± SEM (range), years                      59.4 ± 5.2 (45-74)       57.6 ± 5.8 (34-70)       58.8 ± 5.4 (34-74)
  Body weight, mean ± SEM (range), kg                 79.8 ± 10.9 (54-116)     81.3 ± 14.1 (54-119)     80.4 ± 12.8 (54-119)
  BMI, mean ± SEM (range), kg/m^2^                    28.3 ± 3.6 (20.5-48.9)   28.2 ± 3.8 (20.8-49.5)   28.2 ± 4.0 (20.5-49.5)
  Liver stiffness, mean ± SEM (range), kPa            29.7 ±11.0 (6.9-73.5)    27.8 ± 11.9 (8.5-75.0)   28.9 ± 11.1 (6.9-75.0)
  Oesophageal varices reported, *n*                   4                        1                        5
  Platelet count \< 75.0 × 10^9^/l, *n* (%)           19 (25.6)                9 (20.0)                 28 (22.0)
  Fibrosis stage (METAVIR or FibroScan)                                                                 
   \< F3, *n*                                         5                        3                        8
   F3, *n*                                            3                        5                        8
   F4 (cirrhosis), *n* (%)                            74 (90.2)                37 (82.2)                111 (87.4)
  Liver function tests                                                                                  
   Elevated baseline ALT, *n* (%)                     73 (89.0)                42 (93.3)                115 (90.6)
   Elevated baseline GGT, *n*/available (%)           44/67 (65.7)             24/39 (61.5)             68/106 (64.2)
  HCV subtype                                                                                           
   GT1b, *n* (%)                                      74 (90.2)                43 (95.6)                117 (92.1)
   GT1 non-1b, total, *n* (%)                         8 (9.8)                  2 (4.4)                  10 (7.9)
   GT1a, *n*                                          2                        2                        4
   GT1a+1b, *n*                                       2                        0                        2
   GT1, subtype untypable, *n*                        4                        0                        4
  HCV baseline viral load                                                                               
   HCV RNA, median (range), MIU/ml                    0.94 (\< 0.1-19.2)       1.27 (\< 0.1-12.1)       0.99 (\<0.1-19.2)
   HCV RNA viral load ≤ 0.8 MIU/ml, *n* (%)           37 (45.1)                17 (37.8)                54 (42.5)
   HCV RNA viral load \> 0.8 -- ≤ 2 MIU/ml, *n* (%)   22 (26.9)                14 (31.1)                36 (28.4)
   HCV RNA viral load \> 2 MIU/ml, *n* (%)            23 (28.0)                14 (31.1)                37 (29.1)
  Response to previous therapy                                                                          
  Non-response, *n* (%)                               47 (57.3)                17 (37.8)                64 (50.4)
  Breakthrough, *n* (%)                               0                        5 (1.1)                  5 (3.9)
  Relapse, *n* (%)                                    21 (25.6)                12 (26.7)                33 (26.0)
  Unknown/early termination, *n* (%)                  14 (17.1)                11 (24.4)                25 (19.7)
  Relevant reported co-morbidities                                                                      
  Other liver diseases, *n*                           3                        1                        4
  HBV co-infection, *n*                               0                        0                        0
  HIV co-infection, *n*                               0                        2                        2
  Hypertension, *n* (%)                               34 (41.5)                20 (44.4)                54 (42.5)
  Diabetes mellitus, *n* (%)                          23 (28.0)                7 (15.6)                 30 (23.6)
  Coronary artery disease, *n* (%)                    9                        4                        13 (10.2)
  Thyroid disease, *n* (%)                            9                        4                        13 (10.2)
  GERD, *n* (%)                                       7                        4                        11 (8.7)
  Depression, *n*                                     6                        3                        9 (7.1)
  Cryoglobulinemia ± vasculitis, *n* (%)              6                        1                        7 (5.5)
  End stage kidney disease (PD), *n*                  1                        2 (1)                    3 (1)

n -- number of patients, SEM -- standard error of mean, HCV -- hepatitis C virus, ALT -- alanine aminotransferase, GGT -- gamma-glutamyl transpeptidase, GT -- genotype, RNA -- ribonucleic acid, HBV -- hepatitis B virus, HIV -- human immunodeficiency virus, GERD -- gastroesophageal reflux disease, PD -- peritoneal dialysis

Efficacy {#sec3.2}
--------

Disposition of patients and key HCV RNA results are shown in [Figure 1](#f0001){ref-type="fig"}, while detailed virological outcomes for patients who reached the pre-defined time points are listed in [Table 2](#t0002){ref-type="table"}.

###### 

Virological outcomes for patients who reached the pre-defined time points

  Parameter                                             EOT                                  EOT+12 weeks                           EOT+24 weeks                                                            EOT+12 or EOT+24 weeks combined
  ----------------------------------------------------- ------------------------------------ -------------------------------------- ----------------------------------------------------------------------- ------------------------------------
  Number of patients evaluated at the time point, *N*   127                                  83                                     77                                                                      105
   In follow-up at the time point, *n*                  0                                    22                                     50                                                                      22
   Lost to follow-up, *n*                               1[\*](#tf2-1){ref-type="table-fn"}   1[\*](#tf2-1){ref-type="table-fn"}     2[\*](#tf2-1){ref-type="table-fn"}[^\#^](#tf2-2){ref-type="table-fn"}   1[\*](#tf2-1){ref-type="table-fn"}
   Missed visit, *n*                                    1                                    22[^§^](#tf2-3){ref-type="table-fn"}   0                                                                       0
  Patients with available HCV RNA data, *n*             125                                  82                                     75                                                                      104
  HCV RNA target detected, quantifiable, *n*            0                                    1                                      1                                                                       1
  HCV RNA target detected, below LLD, *n*               1                                    0                                      0                                                                       0
  HCV RNA target not detected, *n/N* (%)                124                                  81                                     74                                                                      103
  Virological response rate, ITT, *n/N* (%)             125/127 (98.4)                       81/83 (97.6)                           74/77 (96.1)                                                            103/105 (98.1)
  Virological response rate, mITT, *n/N* (%)            125/125 (100.0)                      81/82 (98.8)                           74/75 (98.7)                                                            103/104 (99.0)

One patient died due to myocardial infarction while on therapy; not included in modified ITT analysis.

One patient who reached SVR12 died due to recurrent hepatocellular carcinoma and deterioration of liver disease before EOT+24 weeks time point; not included in modified ITT SVR24 analysis.

HCV RNA testing at EOT+12 weeks time point is not mandatory in Hungary.

N -- total number of patients, n -- number of patients, EOT -- end of treatment, HCV -- hepatitis C virus, RNA -- ribonucleic acid, LLD -- lower limit of detection, ITT -- intent to treat, mITT -- modified intent to treat, SVR -- sustained virological response

![Disposition of patients and key HCV RNA results\
\*One patient died due to myocardial infarction while on therapy; not included in modified ITT analysis.\
\# One patient reached SVR12, but died due to recurrent hepatocellular carcinoma and deterioration of liver disease before EOT+24 weeks time point; not included in modified ITT SVR24 analysis.\
§50 patients had negative HCV RNA testing at both EOT+12 and EOT+24 time points; all other patients had HCV RNA testing only at one of these time points.\
EOT -- end of treatment, HCV -- hepatitis C virus, ITT -- intent to treat, N -- number of patients, RNA -- ribonucleic acid, SVR -- sustained virological response](CEH-4-32848-g001){#f0001}

By the EOT time point one patient died due to myocardial infarction, one did not attend this visit, while 125/127 reached undetectable or detectable with below the LLD HCV RNA (98.4% in ITT analysis, 100.0% in mITT analysis). After reaching SVR12, an additional patient with non-subtypable GT1 infection died due to recurrent HCC and deterioration of liver functions. In ITT or mITT analysis, SVR12 (where HCV RNA tests were performed), SVR24 and combined SVR12/24 results were 81/83 (97.6%) or 81/82 (98.8%), 74/77 (96.1%) or 74/75 (98.7%) and 103/105 (98.1%) or 103/104 (99.0%), respectively ([Table 2](#t0002){ref-type="table"}). All 10 non-GT1b patients have reached SVR12/24 results. Separate analysis of BOC versus TEL failure patients was considered senseless with one single viral failure in this cohort. Normalization of ALT was reported in 94/105 patients (89.5%).

Virological failure was observed only in one patient, a 56-year-old male, with GT1b HCV infection and compensated liver cirrhosis, with advanced fibrosis on transient elastography (liver stiffness 39.7 kPa), treated previously with BOC triple therapy with an outcome of relapse. This obese patient (BMI 37.2 kg/m^2^) with no other relevant co-morbidities received a relatively low dose of RBV (600 mg per day) due to grade 4 anaemia during previous BOC-based treatment. He was reportedly adherent to the therapy (HCV RNA was undetectable at the EOT time point). NS3A/4 baseline RASs were detected in this patient ([Table 3](#t0003){ref-type="table"}). On relapse 12 weeks after 3DAA therapy, a sample for RAS re-testing was taken. However, due to technical reasons, this sample could not be analysed. This patient was subsequently treated with sofosbuvir/ledipasvir + ribavirin (800 mg per day) therapy for 24 weeks, and reached an SVR.

###### 

Resistance associated substitutions (RASs) detected for different non-structural proteins (NS) at baseline in patient with relapse

  -----------------------------------------------------------------
  Category of RAS   NS3A/4     NS5A         NS5B (non-nucleotide)
  ----------------- ---------- ------------ -----------------------
  RAS(s) detected   A156A/T\   Not tested   Not detected
                    V170I                   

  -----------------------------------------------------------------

RAS -- resistance associated substitution, NS -- non-structural protein

No specific adherence measures have been applied in this real-life data collection. However, the EOT results suggest excellent adherence to the therapy; only one patient did not attend the EOT visit (but attended later the EOT+24 weeks visit).

Safety {#sec3.3}
------

Four (3.1%) SAEs have been reported in this cohort. One patient with a past medical history of coronary artery disease died due to myocardial infarction during the second week of 3DAA+RBV therapy. No relevant anaemia was observed during this short period of therapy. This SAE was considered as not related to the 3DAA+RBV therapy by the treating physician. After reaching SVR12, one cirrhotic patient with a past medical history of cured HCC died due to recurrent HCC and deterioration of liver functions. Relation of this SAE to the therapy was considered as possible by the treating physician. One patient was hospitalized due to elevation of liver enzymes (LFTs) \> 10× above the upper limit of normal. This SAE did not lead to therapy discontinuation or modification, and subsequently was resolved on continued 3DAA+RBV therapy. A relation to the therapy was considered as likely by the treating physician. This patient has reached an SVR24. One patient developed pneumonia requiring hospitalization. The pneumonia was subsequently resolved on antibiotic therapy with no therapy discontinuation or modification. This SAE was considered as not related to the 3DAA+RBV therapy by the treating physician. The patient has reached an SVR24.

AEs reported in more than one patient are shown in [Table 4](#t0004){ref-type="table"}. Discontinuations, dose reductions, reported relevant on-treatment laboratory abnormalities by WHO grade and anaemia management measures are shown in [Table 5](#t0005){ref-type="table"}. None of the reported AEs or laboratory abnormalities led to therapy discontinuation, and reportedly all of them resolved without sequelae during or after the therapy. No grade 3 or 4 anaemia has been reported. Grade 1 anaemia was reported in 24 patients, but only 9 required RBV dose reduction (by 200-400 mg).

###### 

Adverse events reported in more than one patient

  Category                               Reported incidence (*n* = 109)   Projected incidence[\*](#tf4-1){ref-type="table-fn"} (*n* = 127)
  -------------------------------------- -------------------------------- ------------------------------------------------------------------
  Weakness, *n* (%)                      8 (7.3)                          (6.3)
  Dry skin or itching, *n* (%)           6 (5.5)                          (4.7)
  Dry mouth or itching tongue, *n* (%)   4 (3.7)                          (3.1)
  Cough, *n* (%)                         3 (2.8)                          (2.4)
  Nycturia, *n* (%)                      3 (2.8)                          (2.4)
  Nausea, *n* (%)                        2 (1.8)                          (1.6)
  Skin rash, *n* (%                      2 (1.8)                          (1.6)
  Dizziness, *n* (%)                     2 (1.8)                          (1.6)

Projected incidence: assumption of no adverse event in the patient if not reported by the treating physician.

###### 

Discontinuations, dose reductions, reported relevant on-treatment laboratory abnormalities by WHO grade, anaemia management

  Category                                                                             Reported incidence (*n* = 109)              Projected incidence[\*](#tf5-1){ref-type="table-fn"}(*n* = 127)
  ------------------------------------------------------------------------------------ ------------------------------------------- -----------------------------------------------------------------
  Therapy discontinuation/dose modification                                                                                        
   Discontinuation of any of the drugs, *n* (%)                                        1 (0.9)[^&^](#tf5-2){ref-type="table-fn"}   (0.8)
   Ribavirin dose reduction, *n* (%)                                                   9 (8.3)                                     (7.1)
  Laboratory abnormalities                                                                                                         
   Transaminase elevation by grade \> 1 from baseline, *n* (%)                         1 (0.9)                                     (0.8)
   Hyperbilirubinema                                                                                                               
    Grade 1, *n* (%)                                                                   3 (2.8)                                     (2.4)
    Grade \> 1, *n*                                                                    0                                           0
   Anemia                                                                                                                          
    Grade 1, *n* (%)                                                                   24 (22.0)                                   (18.9)
    Grade 2, *n* (%)                                                                   2 (1.8)                                     (1.6)
    Grade \> 2, *n*                                                                    0                                           0
   Neutropenia, any grade, *n*                                                         0                                           0
   Thrombocytopenia, progressed on treatment[^\#^](#tf5-3){ref-type="table-fn"}, *n*   0                                           0
  Transfusion/erythropoietin use, *n*                                                  0                                           0

Projected incidence: assumption of no discontinuation/dose reduction/laboratory abnormality in patient if not reported by the treating physician.

This patient died due to myocardial infarction in the second week of therapy.

Baseline grade ≥ 2 thrombocytopenia improved by at least one WHO grade during or after therapy in 5/28 patients (17.9%).

Discussion {#sec4}
==========

According to our knowledge, this is the largest dataset on the efficacy and safety of 3DAA+RBV combination therapy in HCV infected patients who failed previous BOC/TEL based triple therapy. The 3DAA+RBV combination is not registered for the treatment of HCV infected patients who failed previous BOC/TEL containing triple therapies, and is not recommended for this patient category by international professional guidelines \[[@cit0006], [@cit0007]\]. However, with no other therapeutic option available in Hungary at the time of initiation of this programme, use of this combination has been approved in the Hungarian National HCV guideline for previous BOC/TEL-failure patients with G1b infection by consensus of treating physicians \[[@cit0008]\].

In an ITT analysis as high as 98.1% (99.0% in mITT analysis) combined SVR12 and/or SVR24 has been observed in this dominantly HCV GT1b infected population, despite a 87.4% frequency of liver cirrhosis, when 3DAA+RBV therapy was commenced at least one year apart from the previous PI therapy.

Based on our data, this combination seems just as effective and safe in patients after PI failure as reported in those with no previous therapy or in those who failed previous PegIFN+RBV dual therapy. The efficacy outcomes are also in line with those achieved using any other registered therapies after PI failure, including combinations of daclatasvir+sofosbuvir±RBV, grazoprevir/elbasvir, ledipasvir/sofosbuvir+RBV or velpatasvir/sofosbuvir (95% to 100% in different studies) \[[@cit0010]-[@cit0013]\].

Only one out of 105 patients who reached the EOT+12 weeks time point experienced virological failure (relapse). NS3A/4 RASs could be detected prior to 3DAA therapy, and a relatively low dose (5.5 mg/kg) of ribavirin was taken by this patient. This patient could be rescued and reached an SVR subsequently with sofosbuvir/ledipasvir + ribavirin therapy, the other IFN-free combination available in our country.

Reported SAEs, AEs and laboratory abnormalities matched the frequencies of such events in patients treated with RBV containing 3DAA regimens in registration trials \[[@cit0006], [@cit0007]\]. Although the dose of RBV was reduced in a proportion of patients (8.3%), no transfusion, no erythropoietin use and no therapy discontinuation have been reported due to anaemia.

Similarly positive real life experiences have been demonstrated in PI-failure HCV GT1 infected patients when treated with 3DAA±RBV therapy, with SVR rates of 46/48 (96%) and 16/16 (100%) in the German hepatitis C registry and in the Polish AMBER cohort \[[@cit0014], [@cit0015]\].

Strengths and limitations {#sec5}
=========================

Viral load, HCV genotype and fibrosis stage data as well as previous and current treatment allocations and assignments data are reliably registered in the Hungarian Hepatitis Registry system (mandatory for treatments). However, all other data were retrospectively reported by the treating physicians, and occasionally they might not be complete and/or adequate. In particular, data on co-morbidities, SAEs, AEs, laboratory abnormalities and/or RBV dose modifications might not be completely reliable. Furthermore, this is an interim analysis with SVR12 or SVR24 data available only for a proportion of patients who started therapy. In addition, there is no control/parallel group in this retrospective cohort for a direct comparison to either different patient populations or different therapy regimens. With no comparative RBV-free arm in the cohort, the hypothesized benefit of adding RBV to the 3DAA combination in this PI-failure patient population (with several additional negative factors: 87.4% cirrhotics, co-morbidities in 89% of patients) remains unclear.

In conclusion, when administered at least one year apart, the 3DAA+RBV combination was found effective and safe in HCV GT1 infected patients who failed previous BOC/TEL-based therapies in this cohort, regardless of presence or absence of liver cirrhosis. Although these findings might not be of pivotal importance in many countries with unlimited access to effective IFN-free combinations, they might still be of particular interest in settings where other therapies for such patients are not available or not affordable.
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